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Abstract 
This paper based on the images of the primary short circuited melted mark (PSM) and secondary short-circuited melted mark(SSM), set 
out to demonstrate the application of image processing in fire material evidence identification. Because there are few researches about the 
accurate description for image of different situation, it is difficult to further study the differences between PSM and SSM. therefore, in 
this paper, the image processing technique, as an accurate description based on quantitative analysis method is put forward, and it is found 
that the images can be extracted out of contour and texture characteristics, which can be processed with the statistical means, so as to 
classify the PSM and SSM from the morphologically point of view accurately. 
© 2014 The Authors. Published by Elsevier Ltd. Selection and peer-review under responsibility of the Academic Committee 
of ICPFFPE 2013. 
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1. Main text  
The melted mark, in the real electrical fire accident, is very important to hdentify and evaluate in judicial investigation, 
failure analysir and loss assessment. It is urgent to locate the cause nf the fhre accurately, because every major fire accident
suddenly happened, caused unavoidable public opinion, there is huge impact on the society, one of the focuses of the public 
opinion must be thd cause of fire accident, and melted mark identification has becnme an important technical means for the 
fire investigation, therefore, to provide accurate evidence to find the cause of fire is playing an increasingly important role.
Generally speaking, the electrical fire short-circuited melted mark can mainly be divided into two types, one is primary 
short circuited melted mark and the other one is secondary short circuited melted mark. In order to identify the type of the 
short circuited melted mark, many different methods have been developed on request [1-4]. Among them, a typical way is to 
observe the morphology characteristic of the copper wire short circuited mark. At present, however, the identification 
mainly depends on the human experience, which is not accurate enough because of the complexities. Moreover, there are 
few researches over the quantitative analysis of images of PSM and SSM, some of which mainly calculate the diameters 
distribution of PSM and SSM, at the same time, without proper preprocessing [5], for different preprocessing methods have 
different impact on the images of PSM and SSM. 
Therefore, this paper aims to demonstrate the application of image processing technique morphology with the image 
processing toolbox (IPT) in MATLAB software, and processes proper preprocessing and contour extraction as well as 
texture measurement, to study the differences between PSM and SSM more accurately. 
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2. Image acquisition 
With the combination of many researches and experience of the fire physical evidence identification, some laboratories 
have collected a large quantity of images of PSM and SSM. These images are captured by the Leica DMI5000 
metallographic microscope software system under different resolutions, when observing the copper wire short circuited 
melted mark from different angles, which are polished and eroded, and then cleaned by alcohol, under certain current and 
temperature situations of different diameter of the copper wire. In this paper, we will select some representative primary and 
secondary short circuited arcing metallographic images, to display image processing technique in this specific field of 
application by using the MATLAB software package! 
3. Image processing 
3.1. Image preprocessing 
3.1.1. Image grizzled processing 
Images mentioned in this article, are captured by the Leica microscope software system by selecting the appropriate 
magnification after ingestion of microstructure for pictures and mark the corresponding magnification scale. These images, 
in the image processing field, belong to the uint8 class and RGB image. Mathematically, the color image can be described 
as a 3-dimension matrix. To speed up the processing, the first step to do, is using matlab image processing toolbox function 
rgb2gray , which will transform RGB image into gray-scale one, reducing the data size to 1/3 of the original. Meanwhile, 
the information of the outline and texture will not lose. As shown in Fig.1. 
Fig. 1. Transforming RGB image into gray-scale image(100x). 
3.1.2. Image brightness equalization 
When capturing the images, it could easily happen that images get uneven exposure because of the uncontrollable light. 
Even if the color image is transformed into gray-scale image, the exposure is still obvious. However, when applying the 
morphology tophat transformation onto the gray-scale image, and the images will become rather evenly exposed. 
Mathematically, the tophat transformation can be described as the combination of the dilation and erosion operation, the 
basic operations in morphology.  
Mathematically, dilation is defined in terms of set operation. The dilation of A by B , denoted  A B , is defined as 
 ^ `z  ABzBA z                                                                     (1) 
where   is the empty set and B  is the structuring element, ^ `BbbwwB   , , ( ) { | , }zB c c a z a B    [6]. 
The mathematical definition of erosion is similar to that of dilation. The erosion of A  by B , denoted  
Aƻü ={ | (B) }czB z A z                                                                     (2) 
Where { | }cA w w A   [6]. 
The matlab function imtophat can produce a reasonable estimate of the background across the image, as long as the 
structuring element is large enough so that it does not fit entirely within the region we are going to erode or dilate.  
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(a)                                                            (b)                                                                  (c) 
Fig. 2. Brightness Equalization. 
Note: Fig. 2 (a) is the original PSM image. The electric current is 300A and the magnification is 300x. Fig. 2. (b) is the gray-scale image of fig.(a). Fig. 2. 
(c) is the processed image of Fig. 2. (b). 
3.2. Utilization of the image histogram 
The histogram of a digital image with L  total possible intensity levels in the range [0, ]G   is defined as the discrete 
function. 
( )k kh r n=                                                                                            (3) 
where kr  is the k th intensity level in the interval [0, ]G  and kn  is the number of pixels in the image whose intensity level 
is kr . Especially, the value of G  is 255 and the value of L  is 256, as to the images of the uint8 class. 
The normalized histograms is denoted as below: 
( )




                                                                                   (4) 
where 1, 2,k L Ă [6]. 
After transforming color images into gray-scale images, we can choose different ways to process the images through their 
gray-scale histogram tentatively. For matlab, the function plot allow us to realize this goal, which is shown below. 
From the figures above we can find the outline boundary is rather obvious. And what we can discover that in the 
correspond normalized histogram, between the crest in the left side, which means the black holes of the melted mark and 
background areas shown in the gray-scale image, and the crest in the right, which means the surface of the copper tissue, is 
an apparent trough. Suppose we divide the image into two separate parts at the trough, and then set the value of pixel higher 
than the trough as 0, and the lower as 1, then the holes of the melted marks can be extracted outside the background and the 
issues! This is the area of image binaryzation and segmentation, which will be mentioned later. 
If the image is blurry and difficult to see the texture and contours in the naked eye, we cannot easily locate the threshold 
value from its histogram, and it won’t be conducive to the latter processing. As shown in Fig. 4. 
Let ( )r jp r , 1, 2,j L Ă , denote the histogram associated with the intensity levels of a given image, and for discrete 
quantities, the equalization transformation is 
1 1
( ) ( )
k k
j
k k r j
j j
n
s T r p r
n  
   ¦ ¦                                                                         (5) 
for 1, 2,k L Ă , where ks  is the intensity value in the processed image [6]. 
For matlab, the function hesteq realizes the equalization transfromation of the images and the processed image in Fig.5 is 
so distinct when comparing to the original one. 
When most of the area lies in either side of the histogram, it reflects the image tone is too dim or too bright.  
For MATLAB, the function gscale will automatically conduct gray stretching, greatly improving the quality of image 
visually. Mathematically, it can be seen as a mapping from a narrow interval to a wider range. Here, the wider interval is the 
range [0,255]. As shown in Fig.6. 
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Fig. 3. An image and its normalized histogram. 
Fig. 4. A blurry image and its normalized histogram. 
Fig. 5. Equalization transformaion and its histogram. 
(a)                                                            (b)                                                          (c)
(d)                                                                  (e) 
Fig. 6. Comparisons of the original and gray stretching processed image for (a) is the original image, (b) is the gray-scale image without processing, (c) is 
its histogram, (d) is the processed image and (e) is the corresponding histogram. 
Therefore, the equalization transformation and the gray stretching processing can greatly improve the quality of the 
images. However, they have different scope of application. The equalization transformation mostly applies on blur images 
while the gray stretching on the images either too dim or too bright. In principle, conducting proper transformation on 
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specific images will be very useful especially for the coming processing. 
3.3. Morphology image processing  
Morphology is a mathematical tools to proceed image analysis, based on morphological structure element. The basic idea 
is to use structural elements with a certain shape to measure and extract the corresponding shape of the image in order to 
achieve the purpose of image analysis and identification. The application of mathematical morphology can simplifiy the 
image data, maintain their basic shape features, and remove irrelevant information. The basic operations of mathematical 
morphology are dilation and erosion. They have their own characteristics in binary image and gray-scale images. In 
practical applications of image processing, we usually apply more expansion and corrosion of different combinations to deal 
with images. 
From the Fig. 7 and Fig. 8, we can see that the the quality of the segmentation mostly depends on the thresholding value. 
For the images whose gray histogram has one certain threshold value like the original image in Fig. 7, the automatic 
determined threshold segmentation performs very well. However, for the images with multiple thresholds like the ones in 
Fig.8, the manual determined threshold segmentation performs better. At this case, the manual threshold is 46 while the 
automatic threshold is 87. Therefore, it is very important to adopt appreciate methods to process the image, in order to 
acquire a better and remarkable result. 
(a) Original image                                    (b)Gray-scale image                       (c) Gray-scale histogram 
(c) Sgmentation using automatic threshold    (d) Erosion and dilation for 3 times separately 
Fig. 7. Automatic thresholding and segmentation (the threshold is 50). 
 (a) Another image                         (b) Gray-scale image                        (c)  Normalized histogram 
           (d) Automatic threshold segmentation   (e) Erosion and dilation for 3 times separately 
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              (f) Manual threshold segmentation       (g) Erosion and dilation for 3 times separately 
Fig. 8. Comparsion of manual and automatic threshold segmention. 
3.4. Texture measuring 
As the method of identification is different between the first short-circuited melted mark and the secondary, it must have 
some statistic characteristics. 
A frequently uesd approach for texture analysis is based on statistical properties of the intensity histogram. One class of 
such measures is based on statistical moments. The paper provides some descriptors of texture . 
z Standard deviation, a measure of average contrast 
2
2 ( )zV P V                                                                               (6) 









                                                                                (7) 
z Third moment, measures the skewness of a histogram. This measure will be 0 for symmetric histogram, positive by 
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z Uniformity, measures uniformity. This measure is maximum when all gray levels are equal ( maximally uniform ) 
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where iz  is a random variable indicating intensity, ( )ip z  is the histogram of the intensity levels in a region, L  is the 
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the n th  moment about the mean [6]. 
Some typical images of the first short-circuit and the secondary short-circuited melted mark were chosen to tested in 
Fig.9, and some descriptors were calculated as shown in Table 1. From the data in Table 1, we can find that the value of the 
descriptors mentioned above are different between these two types of short-circuit mark. 
1) the value of V  (Standard deviation) is in the interval [30,40] for the PSM while for the SSM, it is in the range [20,25].  
2) the value of R  (Smoothness)  is approximately -2 for PSM and -1.7 for SSM, which reflects that the surface is more 
smooth in SSM. 
3) the value of 3P  (Third moment) is positive in SSM and it is negative in PSM. And it shows that the histogram for 
PSM is skewed to the right(about the mean) and SSM to the left (about the mean). 
4) values of e ˄Entropy˅in the samples of PSM No.2, No.3, and No.4, are around 0.84 in PSM, and they are in the 
interval [0.80,0.81] in SSM.  
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Table 1. value of descriptors for PSM and SSM images 
Sample No. V R 3P U e
1 34.9875 -1.7334 -0.5140 -1.8754 0.8181 
2 33.1792 -1.7786 -0.0710 -2.0709 0.8415 
3 32.7499 -1.7898 -0.0055 -2.0729 0.8412 
4 39.1332 -1.6381 -0.2381 -2.0598 0.8429 
5 21.7277 -2.1422 0.0381 -1.8459 0.8059 
6 24.0362 -2.0552 0.0348 -1.9431 0.8192 
Note:As the R , 3P , e  are so small, they are conducted common logarithm processing. 
(a)                                        (b)                                                  (c) 
(d)                                        (e)                                                  (f) 
Fig. 9. Sample images(image a~d are the PSM images and image e~f are the SSM images. The magnification is 100x). 
4. Conclusion 
(1)With the image processing technique, images of PSM and SSM can be transformed into digital information, which can be 
analysed mathematically. It provides a new way to describe the images morphologically, more accurately and more 
precisely.
(2)Each step to process the images of PSM and SSM, including pre-processing, segmentation, contour extraction and 
texture analysis, has its own scope of application.  
         1) Different pre-processing methods can improve the quality of the images. And they are mostly based on the shape of 
the histograms for PSM and SSM images. 
         2) The segmentation largely depends on the threshold of the histogram. Manual-determined threshold values can help 
to segment the areas more efficiently, especially for multi-threshold images. Automatic determined threshold values usually 
apply on the images of single threshold. 
(3)Descriptors in texture analysis can help to identify PSM and SSM. For PSM, V  is in the interval [30,40], R  is 
approximately -2 and e  is around 0.84. For SSM, V  is in the interval [20,25], R  is approximately -1.7 and e  is around 
0.81. 
At the same time, 40 part questionnaires were sent to the people who were on the direction from Commercial Street to 
station exit. The survey indicates that about 30% of the passengers were choosing metro to return after shopping in the near 
Commercial Street, and 60% of the passengers were just using the street to get into metro. 
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